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ABSTRA CT 

P~rjneimTnar analy .p has been done on a survey 
sample of 47 wlhi ippInc, a'pi,w!,Oturo,, maehincr'j manll

facter.': to i~r Li cyI the natl.ur, of [)o(uct ehangas 
made and to0 n the oharue/ '!:£AO, of 'inno'ative 
firms;. A wfi(1 vapo; ty! of change; hope Woen i ns;titu; ted 
Ohowing oon e10! (' ;O ',OP/ ,Ii j " 00 7 Itit ,on and adapt
ation to Wool. (gpiJ l/'.tml co)('tion:g. Svep,,l' measures 

of dlti.JweO tilodim ct /,;a0olh,'. hange nati 'tti. were 
fozlod to be copre /ated witIlh the ns.er of p'woduet changes 

made. 
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INTRODUCT ION
 

An important element in 
the process of economic development
 
is the 
systematic improvement of production technology. The in
dustriali.zed nations are correctly viewed as a valuable source of 
technology on which less developed nations (l,DCs) can draw. The 
direct applicat:ion of foreign technology in L)Cs is subject to
 
several limitations , however. First, the 
physical and technical
 
LDC environment in which the technology must function, including
 
climate and tire qrnlity and availab ility of inputs , may be signi
ficantl y different from the envi ronment for which the technology 
was intended. These differences can reduce a technology's per
formance beoow e:pe ,tat ions or make it teclmnically unviable. 
Second, an importo technology may be economically unsuitable 
because relative prices are different in the LDC, making a tech
nically superior technology economically less profitable than the
 
existing technology.
 

One response to these limitations of foreign technology has 
been to develop "approprl.ate" technology for LMCs. This movement 
has had some success. It must he remembered, however, that LDCs 
arcI ftar (IMra r- , .4 ; i ui Iikely t;aL any given
technology will he suitalle in all economies and inder all 
LT)C

conditions. Some regional, 
or in some cases national or local,
adaptation mrst be made even to "appropriate" technologies . The 
need for locai adaptation is nowhere more evident than in agricul
tural machinery, because of the great variety of agricultural 
conditions fond even within a sing le country. This study, there
fore, looks at the capacity of individual agricultural machinery 
manufacturers in tihe Philippines to make adaptive product improve
ments.
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DESCRIPTION OF SAMPLE FiRMS 

Between January and August, 1981, the authors conducted site 

visits and interviews with 17 agricultural machiiery manufacturing 

firms. TT'anty-sevon of the firms cons titute the population which 

have participated active ly in the lIndst rial. Extension Programi of 

the Tnternationa 1 Rice Rosia rch instiL:ute's (1RRI) Agri cultural. 

Engineering Departnent. Under this program, they have received 

One or lMei- mlchineryliv csig s developod it JIRI and have prioduced 

at least one of these designs on a cointiiomrcia1l)al i 5. In most 

cases, tVesv firims have also been assist eI by IRRI. engineers in 

maciinie ry Le.st ing, prod uct inprovenor t anc pro ciction management. 

The remaining 20 firms have not: been associated wi lh the IRRI 

program, although more thn hal f had at one time intended to 

produce JR I-de ;,ued machit.nes. Some of the non-Il(RI firms were 

drawn at riandomn from oxisting itndcustry list;, while otheis were 

placed in the group when errors were found in the preliminary list
 

of ]RRl --ooperat nLg firqs. The geographic distrihution of the sample
 

is shown in Figure 1.
 

Considerable diversity of firm sizes appoared to exist within 

the Philippine a gricultural ma chinery industry (see Table 1.) Employ

ment ranged from several one-man shops to three firms employing over 

100 workers. (ve half of thc fimns employed fewer than 20 workers. 

Despite their inner i ca dominance, theses siall firmis acr:ootin ted for 

onlv a fract ion (16.3 nercint) of total einilovment in the samole. 

The eight f'rim; employing 50 or mnrc proi'ded(52.3 percent of total 

enip]oyinont in the sample. A similar pclinre eerinergei in sales. Twelve 

of the 40 firmis reporting had sales of PO0,00)o or less in 1980, and 

mecli;n saleOs was only P281 ,000. Ton largo firms, eight f which also 

fall into the lrgesLt emlployiment gro1)tup, niade sales orF1 M or more, 

and togethe l they captured 86.8 petce-out of 1980 sales reported in the 

sample. The mean eiployment aiicd saie; for I RI and non-IRRI rirms are 

also reporred in Table 1. These grotip nmans were not significaritly 

different at the 90, con fidence level.
 

The method o- ;aq1 s used by agriruii lt-al machinery producers 

reflected the distribution of f irn si.zes within the industiry. Smaller 

firms tended t sell, their products directly to end users. All but 

six of the sample firms made at least some sales direct Iy to end users, 

and 68.2 perc''nt soldc half ioi more of their output hy this method. In 

addit:ion, over half the fiim-is used siomie field salesinen. H1owever, large 

firms, particuilariy those in Metro Mnln a , tended to rely on denlers 

and retail oL lets, so a large portioi of the total sales (48.5 percent) 

in the sample was matie by these indir'ec- methods. D irect salcs accounted 

for 37.9 percent o-f sales and field isalesmnin for 13.6 perie:nt. 

xvi.. €. 
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The high degree of contact many firms had wi [i their customers 
was consis ten I the iportan Ce t cms tomers as a source newwvthi n 
ideas for firun;. F:irmsF rated various pos;ible sources of technology 
and new :ideas on a scale from I (not important at: all) to 4 (extremely 
important). The ;verage ritin g for cu:tomers (3.5) was tie highest 
of all the source:; considered. 'Techn.ical personnel witiin each firm 
was rated seconrd (3.3), followed by II ,RI (3.0). Judged least impor
tant on average were sub-contractors (1.3), patent documents (1.4) 

and supliers (1 . 8). 

TiE VARIETY OF PRO)UCT CIIANGES 

Another potent:ial v import ant source of technology for the 
individual firm is the other firms producing the same or similar 
products. It was alpparent in tlhe survey in terviews that: the managers 
of most firm; w,:,r, qui te finmi liar with the competing prolct designs 
being sold in tlhei r region. Firms felt tt le reservatien about 

adopting ideas embodied in other products, Patents were not seen 
as an iiportant obstacle to imitation, since mst patent holders 
considered it unprofit;b le to prosecute pantent infringements, it 
is possil,le, in ain induistry with [ about thepl erti-ul nformation 
changes mWde by otier firm; and rel atively low oblst:acIeS LO copying, 
that a failv omogenoims product would emerge. Putting t:hi.s possi-
Diiity ; torns al an ext reme case, would ill .ie prodicL changes 
made by any firm in tire indu,stry also he made by every other firm? 

To answer this ques tion, a list was compiled of the changes 
made by the s;ample firm; in thiree IRlIl-designed machines -- the 
power tiller, port'bije tirreshr i, and axiai -flow thresher. Indivi
dual chranpc; were groped bv the feaLure or componrenmt of the pi.duct 
being ch;nged (e.g., alI chai;,nges on the thresi ing drum were grouped 
together, and all changes on tire blower formed a separate group). 
The results are preented in Tbl]e 2. The first row shows that: for 
all three product:;, over 30 per-cent of the components changed by any 
firm in the sample were changed by only one firm. Ihe components 

re)resented in the fir;t two rows togethmer, includin, ver 60 percent 

of all tile componenlS ci r red in these produictIs, were chnged by at 
most two of thire sample firms. "the majn conrclusion to be drawn is 
that there was: a high dieg',ree nf individrrlilv in the hnge.s made by 

each firm. lhi:; unor: in Ta;ble 2, since eveni: actnilly ':;tated firms 
changin, tire ;N-ja c,lwno t,nrt fen made ,luii t different i npovements. 
Instead of hig,,hly, lvmonme Tnoum; l r ducL-;, ti e inusrtr y his developed a 
variety of di Ilf rPri t ia tc- pr", ii 'l appo;nl iI ig to dil e ieegmI 5c.inents 
of en'ci megioinil r -et , is viri, y I la.; farmers .rnd oilier users 

t:o choose amngm ti, c,i loting dr; igrn the macihine withr features most 
suitable, to the pari culir ag'ricltura l condit ions in whichi they 
operate. 

A.Uv.
i.
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CiIARACTFRIS'ICS OF INNOVATIVE FIRIS 

A major purpose of this study was to shed light on the charac

teristics of firms active in improving product technology. Each 

firm was asked to list all changes made in its agricultural machi

nery products since 1975. When possible, this list was supplemented 

by and checked against an actual examination of the c-urrent product. 

The total number of these product changes serves as a rough indicator 

of the amount of product change implemented in each firm. Table 3 

shows the distribut ion of the number of product changes across firms 

in the sample. 

A preliminary analysis of the data has been made to determine 
what fact:ors and firm characteristics are aspociated with a high 

degree of prodt ct change. In explaining prtoduct change, which can 

be thought of as output of the techno]ogy change process, an obvious 

factor to consider is the expenditures or effort devoted to product 

change, whiclh ran he in turn toumght of as input into technology 
change. The stanidard meas ure of technology change input is research 

and development (R&)) expendi. tures. Eighteen of the sample firms 

reported some expenditure on R&D for 1980, averaging P62,790. The 

average over the whnle sample was P16,7 4 5, or about 1.5 percent of 

1980 sales. A difference of means test showed, as, expected, that 

firms conduct ingp R&D made more product chaniges on average than f i.rms 
not performing R&D) i ,nificant the 90% confidence level.l), at 

Though only 4n percent of the sample firms reported any formal 

R&) expenlitures, nearly all firms made some product change. This 

indicates that some technological effort was expended which was not 

captured in formal expenditures. In an at.tempt to better measure 

informal technology chmange efforts, fi rms were asked to report how 

many persons were engaged in variotis techhnical functions within the
 

firm and estimate thr percentage of their time spent on each of the 

functions. Included anig the functions wns the improvement of 

existing prodctts. All but four firms reported some activity to 

improve their produ.'ts, averaging the equivalent of one-third man

year per firm. The amount of t:ime per firm was significantly and
 

positively correlated with the number of product changes (s02-


Table 4).
 

Other nctivities wi thin the firm can a]so contribute, .f less
 

directly, to product change. In part:icular, other t:echnical functions
 

which reqmire emplovers to identify or correct product problems, to
 
produce minor modificadeal analvtically with prothction methods, to 

Lions reqtlosted hv ctstomers, or to think creatively about new products, 

can gerate idean and ahii ti usefll in product change. Table 4 

shows thtat, with the exception a ndj usment work, each of these tech

nical activil ies was significantly and pisi.tivel.y correlated with the
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number of product: changes. Since activity levels in these technical 
functions were highly correlnLed with each other, it is difficult to 
assess the independent contribution of each. Nonetheless, some 
evidence is present that related technical activity yields benefits 
whi cl spill int product change. 

Several other factors were also examined for their relation
 
with product changes (see Table 4). Firm size, represr,en ted by
 
1980 sale , proved po;it ively correlated with product changes.
 
The contemporary emplasis of the survey data made it impossible
 
to determine whether product changes catusedi increased sales or
 
whether large firms were better able to make changes. Interest
ingly, the number of years of expeience a firm had accumulated in 
agricultural machiniery production did not appear to affect the 
number of product changes . Two other variables, bot:h of which may 
be considered as inputs inco technolo gy change, were significant. 
Firms were asked to est imate the average number of technical sug
gestions made by workers in a y2ar, au, firms receiving more 
sugges otions tended to have more pro duct clnng es. Within the sample 
of 1.1RIU-coeperat i og rms, the number of hours o f techni cal assis t
ance rendered by IRRI personnel to the various firms was positively 
correlated wi. th the ntimber of prodit changes. 

Several aveues of explanat:ion have not yet been satisfactorily 
eYnlon-nd *' -V'i. : ; -= z'' to g i-, p prtod L i t.th es i ,, , t,,aj, 
and minor changes, and it would he desirable to know what fact:ors 
and firm chtaracteristics are associated with each, particularly if 
they seem to differ for different types of change. Another measure 
of product change, the number of patents granted to each firm, has 
not been inclided in this analysis. Major changes and the number 
of paten .usare s inificantly correlated and appear to be more closely 
related to each oLher thtan Lo the numiber of minor change.. Using 
those finer di stinctions and an additional measure of product change 
will extend the work repo(rted here comparing the total numbers of 
changes made by various firm. A second avenue goes below the firm 
level to ex;invc tle number of chan ges mad, in individual products 
by the firm.s producitg tihe product. Potentially, this approach 
offers groat, r insights tihan the firm level approach, since some 
of the variat ion ,.ross firms in total produc:t changes is due to 
differences in pro duct mix. Additiota.lIy, it will be possible to 
introduce into the anniyvsis product level variables such as selling 
price and volume of prodition. 

xZviii 
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S tJII ARY 

It was argued above Lhat LDCs can take full advantage of. 
acquired t:cliiolcgy only when it has been aclap ted to local. 

conditions. Ibis study has provided evidence that consi derablc 
capacity for product-.-improving technology change is present in 
the firms; or the Ph 1 i pp in c agri'u tural machi nery industry. 
Because each firm tends to c'hlange a product in a different uay, 
a variety of differentiated products arp offered for sale, allowing 
users to select the machinery best suited to their needs. Large 

firms tend to make more produc t changes, hitm small firms can and 
normally do participate as well, whether or not they formally 
conduct research and devel fopmnent. Other teclnical activity within 
the firm, ciustomer contact , worker SuggeSLiOilS, and assistance 
rendered by IRRI constitute four added sources of technology that 
appear to contribute to product change. 
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Table I . Firm size in the agricultural machinery industry. 

A. 	 Empl oymen t
 
Average
 

No. of % of No. of % of employees 
Range firms firms employees employees per firm 

' 1-9 employees 16 34.0 87 	 6.6 5.4
 

10-19 employees 10 21.3 126 9.6 10.6
 

20-49 employees 13 27.7 411 	 31.4 31.6
 

50 and above 8 17.0 685 	 52.3 85.6 

-To tal 	 4 7 100.07, 1309 99.97 27.9 

B. 	Sales (in thousand pesos)
 
Average
 

No. of % to % of sales per 
Range fins firms 1980 sales sales firm 

0- 100 	 12 30.0 572.7 1.2 48
 

-	 30.0 2,64. 237 

301 - 999 	 6 15.0 2,967.5 6.1 495 

1,000 and above 10 25.0 41,951.0 86.8 4,195 

Total 	 h'0 100.0% 48,338.5 100.0% 1,208
 

C. Size comparison of IRRI and non-iRRl cooperating, manufacturers. 

No. of Total Average No. of Average
Firm type firms employment employment firms 1980 sales sales 

('000 pesos) ('000 pesos) 

IRRI 	 28 907 32.4 
 21 35,610 1,696
 

Non-TRRJ 19 402 21.2 19 12,728 
 670
 

Total 47 1,309 27.9 40 48,338 1,208 

a/Totals may not add to 100 percent due to rounding. 



Table 2. 	 1)stribution of changed components 
the compotnon Lt 

IRRI power tiller 
(11 firLm) 

Numh !r 
changed % 

Components changed 
by I firmn 11 ( 57.9) 

Componn:ts changed 
by 2 firms 3 ( 15.8) 

Components 	 changed 
by 3 finrms 	 3 ( 15.8) 

Components changed 
by 4 or more firms 2 ( 10.5) 

Totail components chnnged 19 (100.0) 

by the number of firms changing 

IRRI IRRI 
portable thre;her axial-flow thresher 

(14 firms) (13 firms) 

Numbe I Number
 
changed changed
 

5 ( 27.8) 11 (57.9) 

5 ( 27.8) 2 ( 10.5) 

4 ( 22.2) 3 ( 15.8) 

4 ( 22.2) 3 ( 15.8) 

18 (100.0) 19 (100.0) 



Table 3. Distribution of firms by number of product changes. 

Average number 
Number of changes Number of firms of changes 

0 4 0 

1 - 5 22 3.0 

6 - 10 11 7.3 

11 - 15 7 11.7 

16 - 20 1 17.0
 

21 or more 1 23.0 

Total 46 5.8 



Table 4. Correlation of ficm characteristics with product changes. 

Variable Average value 

Estimated 

correlation 
coeffic ien t 

Significance 

confidence 
level 

Product improvement 

Quality control 

Maintenance & repairs 

Adjustments to meet 
customers speci-
fications 

Inventing new products 

Improving production 
processes 

1980 sales 

0.35 man-yr. equivalent 

0.59 "i 

0.77 " " 

0.33 " 

0.33 " 

0. 34 " 

Y1.15 million 

0.32 

0.47 

0.68 

0.15 

0.29 

0.33 

0.54 

.05 

.01 

.01 

.10 

.05 

.01 

Agricultural machinery 
production experience 

Worker s,,gge stions 

IRRI technical nssistance 

since 1975 

9.8 years 

20.1 suggestions 

81.3 hours** 

0.15 

0.45 

0.38** 

* 

.01 

.10"* 

*Not significant at the .10 level. 

**IRRl cooperating firms only, 
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1. Number of firms fabricating ccmmercially produ=ed agricultural machines bv size and tve. 

C C11PEE-SORSi-I N0 " " COOPERATOPS 
.(Basedon 23 fin s'vev) (Basd on I firms surveyed) 

- ' Fir.'s Size' 
50 & 50 a 

1-9 10-19 2C-4D ah Dve Total 1-9 10-19 20-49 above Total 

Axial flow thresher 2 3 1 2 2 

Portable thresher 3 4 4 15 1 2
 

Pedal thresher 1  - - 1 1 1 1 - 3
 

Pow:er tiller 
 4 5 4 1 14 4 - 1 2 7 

Rice blower 1 - 1 1 3 1 1 - 1 3 

TOTAL FIR:S 	 7 7 7 35 27 5 2 2 2 11
 

Note: 	 One firm did not produce any of Note: Eight firms did not produce any 
the listed designs. of the listed designs. 

Size classification of firms is based on the totaL number of employment. 

In.rss-hers f-bricated by firms are the big, Cotaao-type (Presto-patented) machines. 

3Figures under the 'total fis' column, do not eauv.l to the numerical sum of the numbers listed in each cor
responding colunns due to some fi-.ms fabricating rore than one products. 



i. 	 19S0 Production of co-mercially produced agri-altural machinery by firm's size and type 

:RR:q COQ'E.?%TOFS :C"-I .R-T COOPEP.ATOPS 
(Bdase on 2E. firms sur\_ved) (Based on 191 frns surveyed) 

.-_ :-BS : ' s SFir-' s Size 

1-9 10-19 20-49 Tbove Total 1-9 10-19 20-49 abo0e Total 
A-ial flow thresher 30 137 22 6_6 844 a 4 12 30 200 2 4 6 b 

Portable thresher 54 	 d120 110 718 1002 c 
- - 15 50 G5

....a ths..r - -  100 106 - - 208

Pow:er tiller 22 352 115 9C5 1 3 9 4 g 53 - 20 945 1018 h 

.Rice blower - - 80 100 180 i 4 10 - 10 	 24 

TQTAL 	 106 609 
 327 2379 3420 161 130 65 1025 1561
 

aFioures based on 10 firms with renorted nroductior; 3 firms did not give figures and 1 firm stopped product

ion in 1980. 

-T.reshers are the big, Cotabato-type (Presto-paterted) machines. 

Crom 12 fiims with reported production. Two firms did not give any figures and one firm stopped production 

in 1980. 

dA modified IRRI portable thresher or smaller version of threshers mentioned at b. 

neIRI cooperator listed in Table I 	 produces the machine in 1981. 

fOne non-IR I coo...rator did not 	give any figures. 

9Figures based on 11 firms only.
 

includes 943 units of the turtle-type power tiller.
 

i3ased on 2 firms only. 



IiI. % rating on the importance of the different s rces of technology and new i-deas. 

2. 

4. 

5. 

5. 

3. 

). 

SOURCES 

Tec-noloc sts within fir 

Prof-2ssonal trade journals
o te_ technical magazines 

3... eriaI suprilers 

Cu--toer's ideas 

S:b-contractor's ideas 

Workers' suggestions 

. PJ consultants 

Non-IRpd consultants 

Patent docunents 

& 

P! Coocrators 
(Basedi cn 2!. fi-ms surveved) 

Ofreef l:-.:crz-,.ce 
A 2 C D Total 

3.7 18.5 14.3 63.0 100.0 

7.4 44.4 40.7 7.5 100.0 

4P.0 25.9 14.8 11.3 100.0 

0 0 51.9 48.1 100.0 

66.7 18.5 14.3 0 100.0 

11.0 18.5 59.3 14.8 100.0 

0 11.1 3.7 85.2 100.0 

44.4 25.9 1S.5 11.2 100.0 

81.5 14.8 0 3.7 100.0 

::on-T? Cooneratcrs 
(Pas2d on 2D -H=s'u"...) 

D.-:ree of -- .... '--
A C 

0 18.7 31.3 50.0 

12.5 37.5 25.0 25.0 

56.3 18.7 18.7 6.3 

0 0 31.3 62.4 

93.8 0 6.2 0 

0 50.0 43.8 6.2 

50.0 25.0 12.5 12.5 

68.8 12.5 6.2 12.5 

87.6 6.2 6.2 0 

:ota! 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

- not icmortant at all 

- soo aimortat 

- quite imoortant 

- extremely important 



CO-1PARATIVE DATA FOR IRRI AND NON-IRRI FIRMS 

ITE_.V s 
Firms, " 

IRR s NN-
Responding 
Firms, N 

RRI FIR&S 

% 

1. Procedure manuals, without 

with 
20 

7 

27 

74.0 

26.0 

100.0 

13 

6 

19 

68.4 

31.6 

100.0 

2. No. of Printed 
0-5 
6-10 
11 & above 

forms 
16 

6 

6 

59.0 

18.0 

23.0 

13 

3 

3 

68.0 

16.0 

16.0 
28 100.0 19 100.0 

3. No. of employee w/ BS degree
0 
1-2 

3 

9 
12 

7 

32.0 
57.0 

11.0 

12 
6 

1 

63.0 
32.0 

5.0 

100.0 19 100.0 
4. QC Inspection: regular 

radom 
4 

9 

13 

69.0 

31 0 

100.0 

2 

14 

16 

87.5 

12.5 

100.0 

5. No. of years of experience
in Agric. Nachinery Prodn. 28 7.0 yrs ave 19 14.0 yrs ave. 

6. Total no. of product changes 
made 

28 186 

(ave.-7) 
18 83 

(ave.-7) 

7. Total patents granted: 
INV. 

Total 

Ave. 

28 2 pat. 

36 pat. 
38 
1.5 

18 1 pat. 

22 pat. 
23 

1.2 



Comparative data cont'd.
 

IE 'S 

!RPr 

Responding 
Firs, 

FR*!4S :Z:-!- -T 

Responding 
Fi-ms. N 

Fi~'y 

8. Total Technologist 
e ,1 ,. demrdoyed 

28
28 148 

(Ave.-5) 
1 106 

(Ave.-6) 

D. Total 
bu--t 
and 

1930 
for 
. 

estimated 
research 27 P1.305 M 

(Ave. P48,000) 
P422,500 

(Ave. P22,000) 

10. ;o ers' sugstion 
accepted, 1930 total 

! 

24 (Ave.-25) 

t55 

14611 154 
(Ave.-11) 


